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S U I Z I A
R Y   
T h e  d i s t r i b u t i o n s  o f  p r e s s u r e  o v e r  w i n g s  
o f  a s p e c t  r a t i o  
1 . 5  a n d  0 . 5  h a v e  
b e e n  m e a s u r e d  f o r  a  r a n g e  o f  i n c i d e n c e  u p  t o  a n d  
i n c l u d i n g  t h e  s t a l l  a t  v a r i o u s  a n g l e s  o f  y a w .  T h i s  r e p o r t  
p r e s e n t s  
a  
d e t a i l e d  a n a l y s i s  o f  t h e  r e s u l t s  a t  t w o  i n c i d e n c e s  
c o r r e s p o n d i n g  
t o  1 / 4  a n d  3 / 4  
o f  t h e  s t a l l i n g  i n c i d e n c e s  a p p r o x i -
m a t e l y .  D i r e c t  m e a s u r e m e n t s  o f  l i f t  a n d  
p i t c h i n g  
m o m e n t  h a v e  
a l s o  b e e n  m a d e ,  a n d  t h e  r e s u l t s  c o m p a r e d  w i t h  t h e  r e s u l t s  o f  
t h e o r y  a n d  p r e v i o u s  e x p e r i m e n t s .  
T h e  a n a l y s i s  s h o w s  t h a t . -  
1 .  
R e g i o n s  o f  h i g h  s u c t i o n s  n e a r  t h e  t i p s  a s s u m e  g r e a t e r  
i m p o r t a n c e  a s  t h e  a s p e c t  r a t i o  i s  r e d u c e d .  T h i s  t i p  s u c t i o n  
r a p i d l y  i n c r e a s e s  i n  i n t e n s i t y  w i t h  i n c r e a s e  i n  i n c i d e n c e .  
2 .  
A p a r t  f r o m  r e g i o n s  n e a r  t h e  t i p s  t h e  s p a n  r i s e  d i s t r i b u t i o n  
o f  l o a d  b e c o m e s  m o r e  n e a r l y  e l l i p t i c a l  w i t h  d e c r e a s e  i n  a s p e c t  
r a t i o .  
3 .  
T h e  e f f e c t  o f  a  p o s i t i v e  s i d e s l i p  i s  t o  s k e w  t h e  s p a n -
w i s e  l o a d  g r a d i n g  c u r v e  a n d  t o  p r o d u c e  a  n e g a t i v e  r o l l i n g  m o m e n t .  
T h i s  e f f e c t  i s  m o r e  p r o n o u n c e d  a t  s m a l l  a s p e c t  r a t i o s .  
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a n d  A . C .  O r m e r o d  i n  
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4. Comparison between the lift coefficients obtained by 
diroot measurement and from the pressure distributions shows 
reasonable agreement and the variations of lift curve slope with 
change in aspect ratio are in agreement with the results of other 
workers, (1 ' 7) Further, a theoretical curve due to 7leghardt (8) 
shows close agreement with the present experimental vdlues. 
5. The method developed by Flax and Lawrence ,(2) based on 
a modified slender body theory, for estimating the position of the 
aerodynamic centre is found to be in reasonable agreement with 
the experimental results. 
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1.0 Introduction 
Recent developments have stimulated interest in the 
characteristics of wings of mnall aspect ratio. The tests 
described here were concerned with the pressure distributions, 
normal farce coefficients and the effects of yaw on wings of 
aspect ratio 0.5 and 1.5. 	 The wings in this instance were 
rectangular with constant symmetrical sections 12 per cent thick. 
From the pressure distributions the spanwise loading and the 
positions of the local centres of pressure have been determined 
as well as the derivatives of the normal force, pitching and 
rolling moments with rate of yaw. 
The pressure distribution measurements were made in the 
No. 27-ind Tunnel at the College of Aeronautics during June and 
July of 1948, and later a few balance measurements of lift and 
pitching moments were made in the No. 1A Wind Tunnel. 
During the preparation of this report, the results of 
some Swedish experiments (1) came to hand. The work described in 
this reference covers much the same ground as the present experi-
ments, and, where possible, comparison between the two sets of 
results is made. 
2.0 Details of Tests 
The models were made of laminated mahogany having the 
symmetrical section shown in Fig. 1. (The ordinates are given in 
Table I). The wing tips were half bodies of revolution. The 
chord of both wings was 15 in. and the spans were 22in and 71--in., 
exclusive of wing tip fairings. The values of aspect ratio 
quoted apply strictly to the wings without tip fairings, the 
effective additional area and span due to the tip fairings having 
been neglected. The models were mounted from an overhead turn-
table by a combination of struts and wires, the arrangement of 
which can be seen in Figs. 2a and 2b. 
Snail bore tubes of a pliable plastic material were 
inlaid into chordwise slots cut in the top and bottom surfaces of 
the wing from the leading edge of the wing back to 85 per cent of 
the chord. The tubes were faired over with beeswax, and the 
model french polished. The upper surface tubes extended around 
the nose of the aerofoil and back along the lower surface to 
about 20 per cent of the chord. Lengths of rubber tubing trans-
mitted the pressures to a vertical multitube manometer. 
/The ... 
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T h e  p r e s s u r e  o r i f i c e s  w e r e  f o r m e d  b y  d r i l l i n g  
h o l e s  i n  
t h e  t u b e s  a t  a  s i n g l e  c h o r d w i s e  p o s i t i o n ,  a n d  w h e n  t h e  p r e s s u r e s  
a t  t h i s  p o s i t i o n  h a d  b e e n  r e c o r d e d  t h e s e  
h o l e s  
w e r e  s e a l e d  w i t h  
p l a s t i c e n e  a n d  a  f r e s h  s e t  o f  h o l e s  d r i l l e d  a t  a  d i f f e r e n t  c h o r d -
w i s e  s t a t i o n .  
T h e  c h o r d w i s e  p o s i t i o n s  o f  t h e  o r i f i c e s  w e r e  a s  f o l l o w s . -  
-  
U p p e r  S u r f a c e  
- -  
0 ,  
	 . 0 1 ,  	 . 0 3 ,  	 . 0 5 ,  	 . 0 7 ,  	 . 1 0 ,  	 . 1 5 ,  	
. 2 5 ,  	
. 3 5 ,  	
. 4 5 ,  
x / c  
. 5 5 ,  . 6 5 ,  
. 7 5 ,  . 8 5 .  
. . . . . .  
L o w e r  S u r f a c e  
x / c  
. 0 2 ,  
. 7 5 ,  
. 0 5 ,  
. 8 5 .  
. 1 0 ,  . 1 5 ,  
. 2 5 ,  	
. 3 5 ,  
	
. 4 5 ,  	 . 5 5 ,  
	 . 6 5 ,  
T h e  t u n n e l  s p e e d  f o r  a l l  t e s t s  w a s  1 2 0  f t . / s e c . ,  
c o r r e s p o n d i n g  t o  a  R e y n o l d s  n u m b e r  o f  0 . 9 5  x  1 0
6
,  
a n d  r e a d i n g s  o f  
p r e s s u r e  w e r e  t a k e n  a t  t h e  f o l l o w i n g  i n c i d e n c e s  ( u n c o r r e c t e d ) .  
A s p e c t  R a t i o  1 . 5  
0 °  
5 °  1 0
o  
1 5 °  2 0 °  
	
2 2
°
( s t a l l e d )  
A s p e c t  R a t i o  0 . 5  
6
°  1 8 °  
2 5 °  2 8 °
( s t a l l e d )  
T h e  a n g l e s  o f  s i d e s l i p ,  d e n o t e d  b y  ) t . . .  ,  w e r e  0
° ,  1 0
°  
 a n d  2 0
°  
t o  s t a r b o a r d  f o r  
b o t h  
w i n g s .  
F o r  t h e  s e c o n d  s e r i e s  o f  t e s t s  e a c h  w i n g  w a s  s u s p e n d e d  
f r o m  t h e  t h r e e  c o m p o n e n t  b a l a n c e  o f  t h e  N o .  1 A  t u n n e l  a n d  m e a s u r e -
m e n t s  o f  l i f t  a n d  p i t c h i n g  m o m e n t  w e r e  t a k e n  o v e r  a  r a n g e  o f  
n o m i n a l  i n c i d e n c e  f r o m  - 4
°  t o  1 0
° .  
3 . 0 .  R e s u l t s   
T h e  p r e s s u r e  c o e f f i c i e n t s  w e r e  p l o t t e d  a g a i n s t  c h o r d - -
w i s e  p o s i t i o n s  f o r  e a c h  o f  t h e  w i n g  a t t i t u d e s  t e s t e d ,  a n d  s m o o t h  
c u r v e s  w e r e  d r a w n  t h r o u g h  t h e  e x p e r i m e n t a l  p o i n t s .  A  s e l e c t i o n  
o f  t h e  r e s u l t i n g  i s o b a r s  i s  g i v e n  i n  f i g s .  3  -  1 4 .  
T h e  a r e a  e n c l o s e d  b y  t h e  c u r v e s  g i v i n g  t h e  u p p e r  a n d  
l o w e r  s u r f a c e  p r e s s u r e  d i s t r i b u t i o n s  a l o n g  t h e  c h o r d  f o r  a n y  
g i v e n  s p a n w i s e  p o s i t i o n  r e p r e s e n t s  t h e  n o r m a l  f o r c e  p e r  u n i t  s p a n  
a c t i n g  o n  t h e  a e r o f o i l  a t  t h a t  s p a n w i s e  p o s i t i o n .  T h a t  i s ,  t h e  
l o c a l  n o r m a l  f o r c e  c o e f f i c i e n t ,  c .  
1 P  
 i s  g i v e n  b y  
- 1  
x / c  =  1 . 0  
° N F  	 = ( . 1 1
-  C  	
)  
d  
 ( I )  
u p p e r  p
l o w e r  
x / c  =  0  
/ w h e r e  . . .  
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where x is the distance aft of the leading edge measured 
along the chord line. 
On the wing of larger aspect ratio the lower surface 
pressures aft of the qunrter chord point could not be measured 
at two of the spanwise positions, because the pressure holes 
would have been in the wake of the supporting struts. As there 
are no steep pressure gradients in this region, it was thought 
that little accuracy would be lost if the pressures there were 
obtained by interpolation from the pressures measured at the 
adjacent stations. 
In the analysis it was necessary to draw complete span-
wise load grading curves to obtain the total normal force 
coefficient acting on the wing. This involved a certain amount 
of extrapolation across the wing tip fairings. Since the normal 
force per unit span may be expected to be continuous and to 
reduce to zero at the tips this was the quantity extrapolated. 
Normal force per unit span can be represented by the non-dimensional 
coefficient cam, x — . This coefficient has been plotted as the 
ordinate of the spanwise load grading curves in figs. 16 and 17. 
Over the parallel portion of the wing c = ct , so that an ordinate 
in this portion is simply the local normal force coefficient. 
	
In 
figs. 16 and 17 the curves are shown slotted where the extrapolation 
is doubtful. 
The local centre of pressure was found as the point on the 
chord line through which, for the section considered, the resultant 
normal force acts. The position of this point was found graphically 
from the chordwise pressure distribution. The variations of the 
local centre of pressure are shown plotted in figs. 18 and 19. 
By integrating the spanwise load grading curves the 
variation of normal force with angle of sideslip was obtained; 
and the variations of pitching and rolling moments with yaw were 
obtained by integration of curves giving the moments of the normal 
forces about the leading edge and the centre line respectively. 
The results are shown in figs. 20a,h and c. 
Tho main correction due to tunnel constraint is a change 
in the measured angle of incidence at a constant wing lift 
coefficient. This correction has been applied to the readings 
although some doubts exist as to its validity an account of the 
large ratio of wing chord to tunnel diameter encountered in these 
tests. 
	
It is for this reason that, where possible, the overall 
normal force coefficient has been used as a parameter in the 
/presentation ... 
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p r e s e n t a t i o n  o f  t h e  r e s u l t s  i n  p r e f e r e n c e  t o  t h e  a n g l e  o f  i n c i -
d e n c e .  
L , 0  D i s c u s s i o n  
L . 1 .  T h e  D i s t r i b u t i o n  o f  P r e s s u r e   
T h e  d i s t r i b u t i o n s  o f  p r e s s u r e  
o v e r  
t h e  w i n g s  a r e  s h o w n  
. b y  l i n e s  o f  
c o n s t a n t  
p r e s s u r e  c o e f f i c i e n t  ( C  
p
)  f o r  t h e  u p p e r  a n d  
l o w e r  
s u r f a c e s  i n  f i g s .  3  -  
1 4 .  A  s t r i k i n g  
f e a t u r e  s h o w n  b y  
t h e s e  i s o b a r s  f o r  t h e  l a r g e r  i n c i d e n c e s  i s  t h e  h i g h  s u c t i o n s  
o c c u r r i n g  a t  t h e  t i p s ,  n e a r  t h e  t r a i l i n g  e d g e  o n  t h e  u p p e r  s u r f a c e  
a n d ,  t o  a  l e s s e r  e x t e n t ,  a t  a b o u t  t h e  m i d - c h o r d  p o s i t i o n  o n  t h e  
l o w e r  s u r f a c e .  T h i s  p h e n o m e n o n  h a s  b e e n  n o t e d  b y  o t h e r  w o r k e r s
( 1 , 2 )  
a n d  h a s  b e e n  a t t r i b u t e d  t o  a  s p i r a l  m o t i o n  o f  t h e  a i r  f r o m  b o t t o m  
t o  t o p  s u r f a c e  a r o u n d  t h e  t i p  f a i r i n g s  r e l a t e d  t o  t h e  c o m p o n e n t  o f  
f l o w  n o r m a l  t o  t h e  p l a n e  o f  t h e  w i n g .
( 2 )  
T h i s  s p i r a l  m o t i o n  i s  
s a i d  t o  r e s u l t  i n  a  t r a i l i n g  v o r t e x  s p r i n g i n g  f r o m  t h e  w i n g  s u r -
f a c e  w h i c h  i s  s e p a r a t e  i n  c h a r a c t e r ,  b u t  w h i c h  m a y  b e c o m e  
i n d i s t i n g u i s h a b l e  f r o m  t h e  n o r m a l  t r a i l i n g  v o r t i c e s  o f  l i f t i n g  l i n e  
t h e o r y .  C e r t a i n l y ,  t u f t  o b s e r v a t i o n s  r e v e a l  m a r k e d  c r o s s  f l o w s  
o f  t h e  t y p e  d e s c r i b e d ,  b u t  t h e  l i f t  d i s t r i b u t i o n  a n d  t h e  a s s o c i a t e d  
v o r t e x  f l a w  a r e  r e l a t e d  e f f e c t s  r e s u l t i n g  f r o m  s o m e  m o r e  f u n d a m e n t a l  
c a u s e ,  w h i c h  m u s t  b e  
s o u g h t  b y  f u r t h e r  a n d  m o r e  d e t a i l e d  i n v e s t i g a -
t i o n s  o f  t h e  c h a r a c t e r  o f  t h e  b o u n d a r y  l a y e r  f l o w  i n  t h e  r e g i o n  o f  
a  w i n g  t i p .  
Y a w i n g  t h e  w i n g  i n t e n s i f i e s  o r  d i m i n i s h e s  t h e s e  r e g i o n s  
o f  s u c t i o n  a c c o r d i n g  t o  w h e t h e r  t h e  s p a n w i s e  c o m p o n e n t  o f  t h e  f l o w  
d u e  t o  y a w  r e i n f o r c e s  o r  o p p o s e s  t h e  i n f l o w  o r  o u t f l o w .  T h i s  
e f f e c t  i s  c l e a r l y  s h o w n  f o r  
- 3 4  =  
2 0 °  
( f i g s .  8  a n d  1 4 ) ,  w h e r e  t h e  
r e g i o n  o f  h i g h e r  s u c t i o n  i s  c o n f i n e d  t o  t h e  l e a d i n g  t i p  o n  t h e  
u p p e r  s u r f a c e  a n d  t o  t h e  t r a i l i n g  t i p  o n  t h e  l o w e r  s u r f a c e .  
I n  
t h e  c a s e  o f  b o t h  a s p e c t  r a t i o s  t e s t e d  t h e  r e g i o n s  
o f  h i g h e r  s u c t i o n  o c c u r r i n g  o n  t h e  t o p  s u r f a c e s  e x t e n d  i n b o a r d  
o f  t h e  t i p s  f o r  a  d i s t a n c e  a p p r o x i m a t e l y  1 5  p e r  c e n t  o f  t h e  c h o r d  
a n d  i t  c a n  b e  i n f e r r e d  t h a t  t h e y  a r e  r o u g h l y  o f  t h e  s a m e  o r d e r  o f  
i n t e n s i t y  a t  t h e  s o m e  o v e r a l l  n o r m a l  f o r c e  c o e f f i c i e n t .  T h i s  i s  
c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  
t h e  t i p  
e f f e c t  i s  n o t  a  
c h a r a c t e r i s t i c  s o l e l y  o f  s m a l l  a s p e c t  r a t i o  w i n g s  a n d  i n d e e d  
s o m e t h i n g  s i m i l a r  h a s  b e e n  f o u n d
( 3 )
t o  
o c c u r  o n  a  w i n g  o f  a s p e c t  
r a t i o  6 .  	
O n  t h i s  h y p o t h e s i s ,  t h e  i n t e n s i t y  a n d  e x t e n t ,  e x p r e s s e d  
a s  a  f r a c t i o n  o f  t h e  w i n g  c h o r d ,  o f  t h e  h i g h e r  s u c t i o n  a t  t h e  t i p s  
a r e  a p p r o x i m a t e l y  
i n d e p e n d e n t  
o f  a s p e c t  r a t i o  b u t ,  
a s  t h e  a s p e c t  
r a t i o  d e c r e a s e s ,  t h e s e  t i p  e f f e c t s  b e c o m e  r e l a t i v e l y  m o r e  i m p o r t a n t ,  
/ s i n c e  . . .  
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since they extend over a larger fraction of the wing surface. 
As already noted the wings tested were rounded at the 
tips by a surface obtained by revolving the aerofoil profile 
about a streamwise axis through the tip. This method of rounding 
produced a wing span which increased with distance from the 
leading edge up to the location of maximum thickness of the section 
(in this case at 0.3 of the chord) and then decreased to the 
leading edge span at the trailing edge. According to Jones, (4) 
for thin winss of very low aspect ratio, the lift is zero over 
the entire portion of the wing over which the span is decreasing 
if the trailing edge is sharp there and the Kutta-Joukowski con-
dition applies. 	 Frith the tips rounded as in these experiments 
the Kutta-Joukowski condition is not applicable there, but then 
the simple slender body theory, on which Jones' theory is based, 
predicts negative contributions to the lift where the span is 
drcreasing. 	 This is in agreement with more exact theories, (5) 
which predict small or negative lifts in that region. Inspection 
of the isobars given in figs. 4 and 10 and the spanwise pressure 
distributions of fig. 15 shows that the present experimental 
results support this prediction; it will be seen that the suction 
at the tips is more or less cancelled out by the region of pressure 
over the central part of the span towards the trailing edge. 
4.2. Spanwise Load Grading (figs. 16 and 17) 
Apart from the tip effects the loading distributions 
show an ircreasing tendency towards the elliptical distribution 
with reduction of aspect ratio, in agreement with theory. (4) As 
remarked above, however, the tip effects become more dominant 
with decrease of aspect ratio. 
	 The curves for both 
	
= 10° 
 and 20° show that yaw tends to skew the load grading so that 
the lift is increased at the leading tip. 
4.3. Tip Effects 
At zero yaw and particUlarly at the large incidence 
the high suction region on the upper surface near the tips 
results in a local maximum or peak in the load grading curve. 
Ho1me (1) also noted this effect. With the wing yawed this 
peaking is more pronounced at the leading tip, whilst at the 
trailing tip it tends to disappear. These changes in loading 
at the tips are far more marked at high than at low incidences. 
/4.• 4. 	 • • • 
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L . 4 .  S p a n w i s e  V a r i a t i o n  i n  P o s i t i o n  o f  L o c a l  C e n t r e  o f  P r e s s u r e  
( F i g s .  1 8  a n d  1 9 )  
T h e  m e t h o d  o f  e s t i m a t i n g  c e n t r e s  o f  p r e s s u r e  i s  l e s s  
a c c u r a t e  t h a n  t h a t  o f  e s t i m a t i n g  t h e  n o r m a l  f o r c e  c o e f f i c i e n t ,  
C T 1 F  ,  b e c a u s e . -  
a )  f r i c t i o n a l  d r a g  e f f e c t s  w e r e  n e g l e c t e d  
a n d  	
b )  p r e s s u r e s  n e a r  t h e  t r a i l i n g  e d g e  w e r e  o b t a i n e d  b y  
e x t r a p o l a t i o n ,  t h e  r e a r m o s t  r e a d i n g  o f  p r e s s u r e  
h a v i n g  b e e n  m a d e  a t  0 . 8 5  o f  t h e  c h o r d .  
	
T h e s e  
p r e s s u r e s  h a v e  n o  l i t t l e  b e a r i n g  o n  t h e  c e n t r e  o f  
p r e s s u r e  p o s i t i o n .  
N e v e r t h e l e s s ,  t h e  o v e r a l l  t r e n d s  r e v e a l e d  b y  t h e  d a t a  
a r e  o f  i n t e r e s t .  
I t  a p p e a r s  t h a t  a t  z e r o  y a w  a n d  s m a l l  a n g l e s  o f  i n c i -
d e n c e  t h e  c e n t r e  o f  p r e s s u r e  t e n d s  t o  m o v e  f o r w a r d  a s  t h e  t i p  i s  
a p p r o a c h e d .  7 1 t h  i n c r e a s e  i n  i n c i d e n c e ,  h o w e v e r ,  t h e  s u c t i o n  
a t  t h e  t i p s  n e a r  t h e  t r a i l i n g  e d g e  r e s u l t s  i n  a  r a p i d  r e a r w a r d  
m o v e m e n t  o f  t h e  l o c a l  c e n t r e  o f  p r e s s u r e  t h e r e .  I t  w i l l  b e  
n o t i c e d  t h a t  t h e  c u r v e  f o r  a s p e c t  r a t i o  0 . 5 ,  C  =  0 . 1 1 ,  3 .  =  0
°  
N F  
l a c k s  s y m m e t r y ,  t h i s  l a c k  o f  s y m m e t r y  i s  a  m e a s u r e  o f  t h e  r e l i a -
b i l i t y  o f  t h e  d e d u c e d  p o s i t i o n s  o f  t h e  l o c a l  c e n t r e s  o f  p r e s s u r e  
i n  a n  e x t r e m e  c a s e  w h e r e  t h e  a c c u r a c y  c a n  b e  e x p e c t e d  t o  b e  
l e a s t .  
T i t h  i n c r e a s e  i n  t h e  a n g l e  o f  y a w ,  t h e  c e n t r e  o f  
p r e s s u r e  o n  t h e  l e a d i n g  t i p  m o v e s  b a c k ,  a n d  m o v e s  f o r w a r d  o n  t h e  
t r a i l i n g  t i p .  
	
I n  g e n e r a l ,  i t  c a n  b e  s e e n  t h a t  t h e  c e n t r e  o f  
p r e s s u r e  m o v e s  r e a r w a r d  w i t h  i n c r e a s e  i n  i n c i d e n c e .  
4 . 5 .  
A e r o d y n a m i c  D e r i v a t i v e s  ( F i g .  2 0 )  
4 . 5 . 1 .  N o r m a l  F o r c e  w i t h  R e s p e c t  t o  S i d e s l i p  ( z
y
)  ( F i g . 2 0 A )  
F o r  b o t h  a s p e c t  r a t i o s  t h e  n o r m a l  f o r c e  c o e f f i c i e n t  
C  	
r e m a i n s  c o n s t a n t  w i t h  c h a n g e  o f  y a w  a t  t h e  s m a l l e r  i n c i d e n c e .  
A t  t h e  l a r g e r  i n c i d e n c e  t h e r e  i s  a  s l i g h t  i n c r e a s e  i n  C
a m
,  w i t h  
y a w .  
4 . 5 . 2 .  P i t c h i n g  F o m e n t  d u e  
t o  
S i d e s l i p  
( m y )  ( F i g .  2 0 3 )  
T h e  m e t h o d  f o r  e s t i m a t i n g  m
y  
f r o m  t h e  p r e s s u r e  
d i s t r i b u t i o n s  i s  l e s s  a c c u r a t e  t h a n  t h a t  f o r  
k v  a n d  z
v
,  s i n c e ,  
i n  t h i s  c a s e ,  a n  a c c u r a t e  d e t e r m i n a t i o n  d e p e n d s  o n  a n  i n t i m a t e  
/ k n o w l e d g e  . . .  
-10- 
knowledge of the spanwise pressure distribution near the tips. 
The results indicate that the pitching moment coeffic-
ient C
m 
becomes less negative for the smaller values of yaw and 
increases again with further increase in the angle of yaw. This 
may be attributed to the fact that for small angles of yaw the 
rate of build up of suction at the leading tip is less than the 
corresponding rate of decrease at the trailing tip. At the 
larger angles of yaw, however, this effect is reversed. 
4-.5.3. Rolling Moment due to Sideslip (iv) (Fig.20C) 
The skewing of the spanwise load grading curves produced 
by the sideslip causes a considerable rolling moment. The rolling 
moment derivatives obtained in the present experiment are compared 
) in the following table with a semi-empirical law quoted by Levaclo6 , 
based, however, on data relating tp wings of larger aspect ratio 
than those considered here. 
[
Nominal Aspect Ratio 1.5 71:5
-] 
High Incidence 
	 - ev/CN7 0.25 0.40 
Low 	 Incidence 	 - 1 /CNF  0.10 0.46 
Levacic 	 (ref. 0.25 0.72 
Some measure of agreement is obtained with Levacic's 
formula for the wings of higher aspect ratio, but for the smaller 
aspect ratio his formula considerably over-estimates
v 
4.6. Direct Measurement of Lift and Pitching Moment 
4.6.1. The Lift Curves 
Fig. 21 shows the lift coefficient obtained by balance 
measurement plotted against incidence corrected for the effect 
of tunnel constraint. Also shown in fig. 2 are the results 
obtained from the pressure distributions. The agreement is 
thought to be satisfactory, bearing in mind that some extra- 
polation was necessary in determining the normal force coefficients. 
The variation in lift curve slope at zero incidence 
with change in aspect ratio is shown in fig. 22. The results of 
/this ... 
-1 1 —  
t h i s  e x p e r i m e n t  s h o w  f a i r  a g r e e m e n t  w i t h  t h o s e  o f  o t h e r  w o r k e r s ! '
7 )  
C a l c u l a t i o n s
( 2
'
8
'
9 )
o f  t h i s  v a r i a t i o n  w i t h  a s p e c t  r a t i o  b a s e d  o n  
d i f f e r e n t  t h e o r i e s  a r e  a l s o  s h o w n  i n  f i g .  2 2 ,  a n d  i t  i s  s e e n  t h a t  
t h e  t h r e e  c u r v e s  a r e  a l m o s t  i d e n t i c a l .  	
I f  c h o i c e  m u s t  b e  m a d e ,  
t h e  c u r v e  d u e  t o  W i e g h a r d t  ( r e f .  8 ) ,  w h i c h  a s s u m e s  a n  e l l i p t i c a l  
l o a d  d i s t r i b u t i o n ,  w o u l d  s e e m  t o  o f f e r  t h e  b e s t  a g r e e m e n t  w i t h  t h e  
p r e s e n t  e x p e r i m e n t a l  v a l u e s .  
1 4 . 6 . 2 .  P i t c h i n g  L i o m e n t  R e s u l t s   
T h e s e  r e s u l t s  a r e  p r e s e n t e d  i n  f i g .  2 3  i n  t h e  f o r m  o f  
C
m  
-  C
L  
c u r v e s .  F o r  t h e  b a l a n c e  m e a s u r e m e n t s  p i t c h i n g  m o m e n t s  
w e r e  m e a s u r e d  a b o u t  a n  a x i s  t h r o u g h  t h e  q u a r t e r  c h o r d  p o i n t .  T h e  
p o s i t i o n  o f  t h e  a e r o d y n a m i c  c e n t r e  h a s  b e e n  d e t e r m i n e d  b y  m e a s u r e -
m e n t  o f  t h e  s l o p e  o f  t h e  c u r v e s  a t  C
L  
=  0 .  
F i g .  2 4  s h o w s  a  c u r v e  d e r i v e d  b y  t h e  m e t h o d  o f  F l a x  a n d  
L a w r e n c e  ( r e f .  2 )  b a s e d  o n  a  s l e n d e r  b o d y  t h e o r y ,  w h e r e ,  h o w e v e r ,  
t h e  t i p s  a r e  c o n s i d e r e d  s e p a r a t e l y  f r o m  t h e  r e c t a n g u l a r  p o r t i o n s  
o f  t h e  w i n g s ,  a n d  t h e  r e s u l t i n g  l o a d i n g s  a r e  a d d e d .  T h e  a g r e e -
m e n t  b e t w e e n  t h i s  c u r v e  a n d  t h e  m e a s u r e d  r e s u l t s  i s  s a t i s f a c t o r y .  
5 .  C o n c l u s i o n s   
T h e  m a i n  c o n c l u s i o n s  c a n  b e  s u m m a r i s e d  a s  f o l l o w s . -  
a )  
T i p  e f f e c t s  i n  t h e  f o r m  o f  r e g i o n s  o f  h i g h  s u c t i o n s  o n  
t h e  u p p e r  s u r f a c e  n e a r  t h e  t r a i l i n g  e d g e  a n d  o n  t h e  l o w e r  s u r f a c e  
n e a r  t h e  m i d  c h o r d  p o s i t i o n  b e c o m e  r e l a t i v e l y  m o r e  i m p o r t a n t  a s  
t h e  a s p e c t  r a t i o  i s  r e d u c e d .  	
T h e  u p p e r  s u r f a c e  s u c t i o n  r e g i o n  
r a p i d l y  i n c r e a s e s  i n  i n t e n s i t y  a s  t h e  i n c i d e n c e  i s  i n c r e a s e d .  
b )  
A p a r t  f r o m  r e g i o n s  n e a r  t h e  t i p s ,  t h e  s p a n w i s e  d i s t r i b u -
t i o n  o f  l o a d  b e c o m e s  m o r e  n e a r l y  e l l i p t i c a l  a s  t h e  a s p e c t  r a t i o  
i s  d e c r e a s e d .  
c )  
T h e  e f f e c t  o f  s i d e s l i p  i s  t o  s k e w  t h e  s p a n w i s e  l o a d  
g r a d i n g  c u r v e  s o  t h a t  a  p o s i t i v e  s i d e s l i p  p r o d u c e s  a  n e g a t i v e  
r o l l i n g  m o m e n t .  T h e  r e g i o n  o f  h i g h  s u c t i o n  o n  t h e  u p p e r  s u r f a c e  
a t  t h e  t i p  b e c o m e s  i n t e n s i f i e d  b y  y a m ;  w h i l s t  t h a t  a t  t h e  t r a i l i n g  
t i p  b e c o m e s  r e d u c e d .  T h e  e f f e c t s  a r e  m o r e  p r o n o u n e d  w i t h  
r e d u c t i o n  i n  a s p e c t  r a t i o .  
d )  
C o m p a r i s o n  b e t w e e n  
t h e  l i f t  c o e
f f i c i e n t s  o b t a i n e d  b y  
/ d i r e c t  . . .  
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direct measurement and from the pressure distributions shows 
reasonable agreement, and the variations of lift curve slope with 
change in aspect ratio are in agreement with the results of other 
wprkers. (1 ' 7) Further, a theoretical curve for this variation 
due to Wieghardt (8) shows close agreement with the present experi-
mental values. 
e) 
	
The method developed by Flax and Lawrence, `) based on 
a modified slender body theory, for estimating the position of 
the aerodynamic centre is found to be in reasonable agreement 
with the experimental results. 
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